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Figure 4: Average dD values for the tree species over a period of four weeks. Error bars 
represent 95% confidence intervals of the means (n= 3 to 5 for some Clitoria samples). 
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• A traceable deuterium label was successfully introduced to the 
Biosphere 2 rainforest.
• Clitoria and Hibiscus trees show a response curve to the added 
deuterium, whereas Ceiba and Hura did not show a response.
• Soils and Clitoria took up most of the label with peaks 
respectively four and ten days after initial addition, followed by 
a steady decrease.  Surprisingly little label was found in the 
seepage, suggesting that the soil was effective in taking up most 
of the label.
• The delay in dD label appearance in stem samples relative to 
soil confirmed the results from an earlier experiment where dD
labeled rain was added after a strong (78 day) drought. After 
the drought a significant portion of the label went into the 
seepage, which we did not find. Species responses between the 
two additions were nearly identical, with Clitoria and Hibiscus
showing the label whereas Ceiba and Hura did not.
• Our less expensive sampling and analyzing method is effective 
and could greatly enhance studies measuring stable isotopes 
and plant matter.
Rainforest ecosystems play an important role in global water vapor 
circulation.  Through transpiration, vegetation may contribute as much as 90% of 
the moisture returned from ecosystems to the atmosphere (Fraser 2014). As a 
result of climate change, trees may become larger and denser as they store more 
carbon, but it could also decrease the amount of atmospheric moisture they 
produce. Deforestation is also reducing the amount of water vapor being 
transpired and therefore reducing cloud formation.  To investigate how rainforests 
will change as climate changes, it is important to learn more about how trees move 
water through them and out into the atmosphere.  
Many studies have been conducted on how much water runs through rivers, 
how much it rains, and how water infiltrates soils; but there are very few studies on 
how water is moved through trees and back into the atmosphere.  The information 
that is available on water movement through trees has been provided by sap flow 
meters.  It is difficult to collect precise data in the field on tree water vapor 
movement as there are many uncontrollable variables. Also, this method is 
inaccurate and there is a need for species-specific calibrations, which is near 
impossible to do with large trees (Steppe 2015).  Stable isotopes, such as 
deuterium and oxygen 18, have been used as a tracer in water column studies, soil 
studies and plant studies and gives much more reliable data (Koeniger 2009).  In 
the past, plant studies using isotopic tracers needed to be analyzed using infrared 
mass spectrometry, which is expensive but precise.  The purpose of this study was 
to devise and implement a plant water vapor collection process as well as an 
inexpensive alternative to IR mass spectrometry in a controlled environment in 
order to study the movement of water through a rainforest system. 
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Materials and Methods
• 6,000 L rain tanks were drained and used in order to mix and administer 
2L of deuterium to the Biosphere 2 rainforest in three rain events totaling in 
45,177 L of water.  The total dD of mixture was calculated at 175‰ (permil or 
parts per thousand). After each rain event, rain samples were collected from 
each of the four quadrants of the rain forest.  
• Samples of plant matter, soil, and seepage water were collected before 
and after the deuterium pulses.  Samples were collected from four prominent 
tree species in the Biosphere 2 rainforest: Clitoria racemosa, Hibiscus elatus, 
Ceiba pentandra and Hura crepitans.  Branch samples from these species 
were stripped of their bark, cut into approximately 10 cm length pieces and 
halved.  These samples were placed into their own individual airtight plastic 
bags fitted with a connector that was compatible with an LGR water vapor 
analyzer.  Samples were immediately brought back to the lab, filled with dry 
air, and allowed to equilibrate in a 22°C room for 48 hours.  Soil samples were 
collected (approximately 30 mL/sample) from two soil pits near the trees at 
various depths and placed into the same type of collection bags and treated 
the same way.  Water seepage samples were collected (approximately 
10mL/sample) into glass vials and placed into a refrigerator until they could 
be analyzed. 
• Liquid water samples were analyzed using an LGR water isotope analyzer 
using the liquid water sample setting.  These samples were run along with 
liquid water standards.  Water vapor collected in bags from branches and soil 
were analyzed using an LGR water isotope analyzer using the water vapor 
sample setting.  Water vapor concentration and deuterium levels were 
collected.  Standards were made and analyzed using both the liquid water 
sample setting from glass vials and the water vapor setting after being 
equilibrated in identical plastic bags as the branch and soil samples.  
Results
Discussion
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All stem samples were 
affected by water loss 
through evaporation, as is 
most apparent from the 
strong trend between 
d18O and dD for both Hura
and Ceiba isotope values. 
The heavier –less negative-
dD values for many of 
Clitoria and Hibiscus samples 
suggest that these species 
took up most of the label 
(Figure 3). The correction 
for these species was based
on the samples collected 
before the label was introduced into the Biosphere 2 rainforest.
Figure 3: Correlation between dD and d18O suggest evaporation of water in the stems, 
which needs to be corrected for to determine the deuterium label by the plant species. 
The error bars represent 95% confidence intervals of the means (n= 3 to 5 for some 
Clitoria samples). 
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Figure 2: Average deuterium levels for soil samples from Soil Pit 1 and Soil Pit 2 
over a period of four weeks. n= 3. 
Both soil pits showed similar 
responses to the deuterium 
additions.  Most deuterium 
was recovered from the top 
layers with maximum dD
values of +25‰.  Based on 
the rain input of +65 to 
+90‰, the contribution of 
labeled to unlabeled water in 
the soil  was 50-70%. Deep 
layers showed little to no 
sign of deuterium infiltration 
(Figure 2).
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Clitoria stems showed the 
strongest response curve 
after deuterium addition 
(Figure 4). Their rapid 
response peaked around 7-
10 days after label addition 
and only ~5 days after peak 
in the soil (see Figure 3). 
Both Ceiba and Hura did not 
show a response to the dD
label.
Figure 1: Average deuterium levels for water seepage 
samples from underneath the rain forest over a period of 
four weeks as well as average deuterium levels for rain 
water samples from each quadrant.-80
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All rain samples had a high level (dD= 
+65-90‰) of deuterium.  The deuterium 
added with the rain was barely detected 
in the seepage samples (Figure 1). The 
lack of seepage response following 
deuterium addition suggests that labeled 
water was mainly taken up by the soil.
Figure 5: Correlation between water vapor and 
liquid water measurements on the LGR isotope 
analyzer for four water standards (light water, 
tap water, heavy water, and mixed heavy 
water).
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